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Abstract. This paper presents bonding technology of aluminum alloy by hot-dipping tin. The 
dissolution curve of copper in molten tin liquid was obtained in the experiment of hot-dipping Sn. 
Optimal hot-dipping parameter which was suitable for soldering was designed. To elucidate 
characteristics of interfacial evolution, the microstructure of the coatings, soldered joint were 
analyzed using optical microscopy, SEM and EDX. The shear strength of soldered joints was tested 
as high as 39.9Mpa, which is high enough to achieve the requirement of electronic industry.  
 
Introduction 
Deposition of a solder system is a widely-used process in the electronic industry. Sn deposition onto 
Cu and Au deposition onto autocatalytically deposited Ni-P films are used in printed wiring board 
(PWB) fabrication [1,2]. During the assembly of M.E.M.S. components, such as assembling 
electronic devices onto conductor paths (surface mounted devices) or to attach heat sinks on silicon 
power devices, the solder systems for transient liquid phase bonding (TLP) has to be deposited 
locally onto the joining parts by means of magnetron sputtering [3]. Many studies have been already 
performed concerning the use of electrodeposition processes for Cu-Sn system coatings, which are 
used in electrical contacts that are responsible for making or completing access to the circuit board 
through external wires or to join components in the circuitry [4,5]. 
Of all the coating techniques, the vacuum-based techniques used in microelectronics is complicate, 
expensive and involves negligible waste of materials[6,7], the electrodeposition of Sn is hard to get 
high purity because of organic impurity from plating solution. However, all these problems could be 
solved by the use of hot-dipping tin technology. Besides that, the Sn coating is uniform, compact 
and metallurgically integrated with the pre-deposited Cu layer. It is ideal for large-scale production. 
In this paper, the correlation between the decrease of Cu film thickness as a function of Cu 
dissolution into liquid tin and hot-dipping temperature (T) and time (t) was studied. The hot-dipping 
process was established. Moreover, soldering experiments were conducted. The interface evolution 
was characterized by SEM. Mechanical test revealed that the shear strength can reach as high as 
39.9MPa. 
1. Experimental details 
The specimens used in hot-dipping were aluminium sheets, with dimensions of 10×5×1.5mm
3
. 
Because of low adhesion of Sn on Al, a Cu-Ni adhesion film was used. Nickel, copper were 
deposited on the polished side of Al sheets by plating with the thickness of 3.0μm and 7.5μm, 
respectively. And then the specimens were dipped into hydrochloric activation solution for 5s to 
remove oxides on Cu film surface and expose pure copper. After rinse and drying, soldering paste 
was coated onto Cu film as assist coating solution. The specimens were then dipped into molten tin 
at 400℃ for 5 s, the purity of which is 99.9%.  
In the following soldering process, two specimens were assembled together. To ensure complete 
contact of both sheets, static pressure of 40 to 60 PSI was applied with clamp. The assembly was 
then brought into an infrared reflow oven and heated to 300℃ with dwell time of 1min, 2min, 3min 
and 5min respectively. 
The structural and morphological analyses of the joints produced were analyzed by scanning 
electron microscopy (SEM) using the Zeiss model DSM962 SEM and by energy dispersive X-ray 
spectrometer (EDX). For SEM analysis, the specimens were mounted in epoxy and ground 
perpendicular with 500, 1000, 1500, 2000 waterproof grit abrasive paper, transverse cross section 
were then polished with 1μm diamond paste. The mechanical shear tests of the joints were 
performed in a Shimadzu 9001 Universal Tensile Tester. 
2. Results and discussions 
2.1 The effect of molten tin liquid temperature and dipping time on dissolution of Cu 
During the process of hot-dipping, Cu dissolved into molten tin liquid. If without feasible process 
control, the Cu film would be dissolved completely and then the Ni film would be dissolved and 
eroded. The primary factors were molten tin liquid temperature and dipping time. 
Fig.1 showed the profile of residual Cu thickness as Sn liquid temperature changes, and the dipping 
time was fixed at 3 s. The Cu film thickness decreased as Sn liquid temperature increased, and the 
decrease velocity accelerated with temperature increase. This is due to the widely known fact that 
the change of dissolution rate of Cu into the molten solder according to temperature obeys 
exponential law [8] and the solubility of Cu increases with temperature. 
Fig.2 showed the profile of residual Cu thickness as the dipping time varied, and the Sn liquid 
temperature was 400℃. It indicated that the Cu film thickness decreased with dipping time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
The shortest dipping time in the experiment was 2 s, and the relation curve declined rapidly 
between 0 s and 2 s, which illustrated that Cu dissolved quickly as soon as the specimen was dipped 
into molten Sn liquid. Due to the convection effect of the molten tin and Cu concentration gradient, 
Cu atoms diffused from Sn-Cu interface to Sn matrix. However, the diffusion velocity of Cu was 
much slower than the dissolution velocity, so Cu element concentrated near the interface, which 
confined the dissolution of Cu. Furthermore, the intermetallic compounds (IMCs) initiated and grew 
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Fig.1 Decrease of the Cu film thickness as a function  
of Sn liquid temperature in 3 second’s dipping 
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Fig.2 Decrease of the Cu film thickness as a function of 
time at 400℃ 
 
as soon as Cu contacted with molten Sn, which prevented Cu atoms from dissolving directly into Sn 
liquid. The dissolution velocity of Cu was controlled by the conjunct affection of the 
aforementioned factors and inclines to be mild. Noting the relation curve in the temperature range 
of 2 s to 15 s, it obeyed a line law:         . The b and k values computed from the curve in Fig.2 
by liner regression were the followings: b = 3.94 and k = 0.26. 
2.2 Microstructure of hot-dipping Sn film 
The obtained Sn film was uniform and compact. Fig.3 showed the cross-section microstructure of 
Sn film, the thickness of which was about 30~40 μm. When dipping in Sn liquid for 5 s, claviform 
intermetallics formed and grew perpendicularly or aslant at the interface of Sn film and Cu film. 
Fig.4 showed the line distribution of different elements in the coatings, including aluminum, nickel, 
copper and tin. Steps could be seen in the line of Sn and Cu correspondingly, combined with EDX 
analysis, the IMC at the interface could be confirmed as Cu6Sn5. It could also be seen that inside of 
the Sn film was mainly Sn, distributing a little Cu. Actually claviform intermetallics could be found 
in the Sn film as shown in Fig.5 and their composition approximated to Cu6Sn5. 
2.3 Interface analysis of soldered joint 
Fig.6 showed the opticial cross-section of as soldered joint, it could be seen that excellent soldered 
joint could be obtained after 2 min’s soldering at 300℃ in reflow oven. From the SEM images in 
Fig.7, the interfacial intermetallic compounds in different dwell time could be seen. Fig.7a showed 
the interfacial microstructure formed when heated for 1 min at 300℃. A continous intermetallic 
compound layer and claviform intermeallics formed at the solder joint. The claviform phases grew 
sideway from the continous intermetallic layer at the Sn-Cu interface into the solder. EDX analysis 
indicated that the intermetallics were Cu6Sn5. Actually the same phases had formed in the dipping 
process, and grew up in the following soldering. A crack at the root of a claviform Cu6Sn5 phase 
indicated that the brickle Cu6Sn5 broke off under the convection effect of the molten tin and high 
stresses built at the interface. When heating for 2 min, the claviform Cu6Sn5 became thicker, and 
some of them broke off at the interface, as shown in Fig.7b. A thin layer of Cu3Sn could be detected 
between the Cu6Sn5 layer and Cu layer. Under heating for 3 min, Cu6Sn5 phases got thicker and 
nearby Cu6Sn5 phases tended to join together, as shown in Fig.7c and Fig.7d. 
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Fig.3 Optical micrographs of coatings 
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2.4 Shear strengh and fracture face analysis 
Shear strength test of as soldered joint was conducted after soldering at the strain rate of 1mm/min 
at room temperature, the results showed that the fracture occored at the original tin solder film. 
Fig.8 showed the tensile curve, the tensile curve of the shear strengh test indicated that the fractrue 
was ductile，which was in accordance with the characteristics of Sn solder. The shear strength of 
soldered joint could reach as high as 39.9MPa, it was high enough to be used in electronic industry. 
The typical fracture face at Sn solder was shown in Fig.9. The nest shaped fracture was composed 
of Sn, with scattered Cu6Sn5 grains. It could be deduced that the interface of Sn phases and Cu6Sn5 
grains was the weak point of the soldered joint. 
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Fig.7 SEM image of Sn-Cu interface reflowed under 300℃ for different time, 
 a) 1min  b) 2min  c) 3min  d) 5min 
0.0 0.2 0.4 0.6 0.8 1.0
0.0
0.1
0.2
0.3
0.4
0.5
0.6
 
 
Y
 A
x
is
 T
it
le
X Axis Title
T
en
si
le
 l
o
ad
 (
K
N
) 
Elongation displacement ΔL/mm 
Fig.9 Fracture faces of soldered joint 
  
 
 
 
 
 
Summary 
Reliable bonding of aluminum alloy with hot-dipping Sn film could be realized and the shear 
strength could reach as high as 39.9MPa. 
Cu film dissolved into molten Sn liquid in hot-dipping process, the residual Cu thickness was 
controlled by Sn liquid temperature and dipping time. The decrease velocity of Cu film accelerated 
with the increase of temperature, and the decrease thickness of Cu film according to dipping time 
obeyed the line law. 
Sn-Cu intermetallic compound at the interface of Sn film and Cu film initiated in the hot-dipping 
process. The interfacial evolution in following soldering was the growth of claviform Cu6Sn5 and 
incrassation of continuous Cu3Sn. 
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